Contents 1. Synthesis of organic molecules 2. Photophysical property measurements 3. The singlet-triplet splitting (ΔEST) 3.1 The calculation of overlap extent 3.2 The calculation of molecular orbital separation distance 3.3 Natural transition orbital (NTO) analysis 4. Supplementary figures 5. Supplementary tables References S2 1. Synthesis of organic molecules Materials. Unless otherwise noted, all reactions were carried out under a nitrogen atmosphere using standard Schlenk techniques. Tetrahydrofuran (THF) was dried and distilled over sodium/benzophenone. All other chemicals and deuterated solvents were obtained from commercial sources and used as received unless otherwise noted. The detailed synthesis and molecular structure characterization of the intermediate product of 2-Carbazolyl-4,6-dichloro-1,3,5-triazine can be found in previous reports. 1,2 Molecular structure characterization. 1 H NMR and 13 C NMR spectra were recorded on a Bruker Ultra Shield Plus 400 MHz spectrometer using tetramethylsilane (TMS) as the internal standard. GC-MS experiments were performed on a Shimadzu GCMS-QP2010. Scheme S1. Synthetic routes of triazine derivatives of A3 and S9. (i) 1.1 equiv. n-BuLi, carbazole, 0 o C, 2 h; (ii) 2.2 equiv. 4-cyanophenylboronic acid, Pd(PPh3)4, 85 o C, 48 h; (iii) 3.2 equiv. Mg, 2-bromothiophene,
9-(4,6-dichloro-1,3,5-triazin-2-yl)-9H-carbazole. To a carbazole (1.0 g; 6.0 mmol) dry THF (10 ml) solution at 0 o C was added 2.5 M n-butyllithium (2.6 ml, 6.5 mmol). The mixture was stirred at 0 o C for 2 h, then 5 ml methanol was added into to quench the reaction. The organic solvents were removed in vacuo.
The residue was washed using acetone for 3 times to afford a white powder. Yield: 1.70 g: (90%).
4,4'-(6-(9H-carbazol-9-yl)-1,3,5-triazine-2,4-diyl)dibenzonitrile (A15).
2-Carbazolyl-4,6dichloro-1,3,5-triazine (0.5 g; 1.6 mmol), 4-cyanophenylboronic acid (0.51 g; 34.7 mmol), aliquat336, and 2.0 mol% Pd(PPh3)4 were dissolved in a mixture of anaerobic toluene (20 mL) and potassium carbonate aqueous solution (8 mL, 2 M) under the protection of nitrogen atmosphere. The reaction mixture was S3 vigorously stirred at 90 o C for 48 h, then was quenched by pouring into deionized water (100 mL) and extracted by dichloromethane (3×100 mL). The organic layer was separated, collected, and dried over anhydrous Na2SO4. The solvent was removed in vacuo, and the residue was purified by flash column chromatography 
Photophysical property measurements
UV/Vis absorption spectra were recorded on a PerkinEImer UV/Vis Spectrometer Lambda 35.
Fluorescence spectra were obtained using a PerkinEImer LS 55 Fluorescence Spectrometer. The phosphorescence spectra of the compound (in chloroform) were measured using an Edinburgh LFS920 fluorescence spectrophotometer at 77 K with a 5 ms delay time after excitation using a microsecond flash lamp.
The experimental ES1 of the compound was determined from the crossing point of the normalized absorption and emission spectra in chloroform at room temperature. 3 The experimental ET1 of the compound is determined from the highest energy vibronic component of its phosphorescence spectrum at S4
The singlet-triplet splitting (ΔEST)
In principle, the molecular energy at the lowest singlet (ES1) or triplet (ET1) excited states is decided by the sum of the orbital energy (E), electron repulsion energy (K) and electron exchange energy (J) of the two unpaired electrons on the frontier orbitals (φH and φL). The electrons at the same molecular orbital have the same E, K and J, however, the spin paired electrons have a positive J while the spin unpaired electrons have a negative J. 5 As described in equations (S1)-(S3), the exchange energy J is the most decisive factor for the singlet-triplet energy splitting of ΔEST.
From equation (S4), J is determined by spatial separation (r1-r2) and overlap integral of φH and φL, i.e., spatial wave function separation of frontier orbitals. 6 Thus a small ΔEST can be expected when there is a small overlap or a large separation between HOMO and LUMO, and a large overlap or a small separation will lead to a large ΔEST. 7 Their relations were demonstrated in Scheme S2. 
The calculation of overlap extent
Using the overlap integral function embedded in Multiwfn, 8 the overlap between two orbitals (φi and φj) of a molecule can be calculated as in equation (S6).
Thus, the extent of HOMO (φH) and LUMO (φL) overlap is
More details about the orbital overlap calculations can be found in Multiwfn manual. 9
The calculation of the molecular orbital separation distance
Adopting the function outputting statistic data of the points in specific spatial and value range, the barycenter (rtot) of the absolute value of the molecular orbital can be computed as in equation (S8).
where f is the data value, r denotes coordinate vector, k runs over all grid points including positive and negative points respectively. Thus, the barycenter of HOMO and LUMO (rH and rL respectively) are
And the mean distance between HOMO and LUMO is
Supposing that the separation distance between HOMO and LUMO (r1-r2) is varying in a small range around (<rH/L>), equation (S5) can be simplified using equation (S11) to get equation (S12).
When ΔEST is in eV, <rH/L> is in Å, equation (S12) can be transformed to
However, TD-DFT calculations usually describe excited states in terms of various combinations of transitions between canonical molecular orbitals, and the first singlet excited state (S1) and triplet excited state (T1) are described by a set of different transitions, e.g., HOMO → LUMO, HOMO → LUMO+1, etc. 10 This means that according to TD-DFT calculations, it is not accurate to use the only transition mode of HOMO → LUMO to describe the transition nature of S1 or T1 states. Thus, a simple picture of the excited states is often evasive.
Natural transition orbital (NTO) analysis
Natural transition orbitals (NTOs), obtained via the singular value decomposition of the analysis is very convenient in providing a better description of an excited state with fewer orbital pairs than the ones given on the basis of frontier molecular orbitals. 11 Consequently, according to equation (S7), the overlap extent of the highest occupied NTO (HONTO) (φH') and the lowest unoccupied NTO (LUNTO) (φL') at S1 or T1 states described by NTO analysis can be calculated in equations (S15)~(S16), respectively. And according to equations (S9) and (S10), the barycenters of HONTO and LUNTO at S1 or T1 states can be expressed in equations (S17)~(S20), respectively
Thus, the mean distances between HONTO and LUNTO at S1 or T1 states are 
For the all the 37 studied compounds, ΔEST / (IS 2 / <rS> + IT 2 / <rT>) varies in a relatively narrow range from 0.15 to 11.16, indicating that equation (S23) presents a good correlation between ΔEST and parameters of IS, IT, <rS>, and <rT>. Thus, in studying ΔEST, it is more advisable to consider the HONTO and LUNTO at both S1 and T1 states. Figure S1 . The asymmetric triazines of A11~A28. S10 Figure S2 . The symmetric triazines of S29~S37. S11 Figure S3 . Experimental investigations on photophysical properties of triazine derivatives of (a) A15 and (b) S9. Note that the absorption and emission spectra of A15 and S9 were measured in dilute chloroform at room temperature. The phosphorescence spectrum measurements were performed in chloroform at 77 K after 5 ms delay of the excitation at 330 nm to eliminate the strong but short-lived fluorescence. S12 Figure S4 . The calculated energy levels of HOMO-1, HOMO, LUMO and LUMO+1 and their spatial plot (isovalue 0.02) of A1~A6 and S7~S10. S13 Figure S5 . The calculated energy levels of HOMO-1, HOMO, LUMO and LUMO+1 and their spatial plot (isovalue 0.02) of (a) A3 and A11~A14, (b) A15~A21, (c) A5, and A22~A28. S14 Figure S6 . The values of △EST / (IH/L 2 / <rH/L>) and △EST / (IS 2 / <rS>+ IT 2 / <rT>) of A1~S37. Figure S7 . The calculated energy levels of HOMO-1, HOMO, LUMO and LUMO+1 and their spatial plot (isovalue 0.02) of S10 and S29~S37. S15 Figure S8 . The highest occupied NTO (HONTO) and lowest unoccupied NTO (LUNTO) according to the results of TD-DFT calculations for the S1 and T1 states of S35 (a), S36 (b) on the optimized structure at their ground states (S0); (c) The spin density (isovalue 0.0004) of the optimized T1 states for S35~S37 and S10. S16 Table S1 . The molecular structures, energies (E in eV) of S1 and T1, S1-T1 splitting (ΔEST in eV), Table S2 . The molecular structures, S1-T1 splitting (ΔEST in eV), and frontier orbital overlap extents (IH/L, IS, and IT) and mean separation distances (<rH/L>, <rS>, and <rT> in Å) studied by B3LYP, PBE0, BMK and M062X methods at the basis set level of 6-31G(d Table S3 . The energies (E) of S1 and T1, S1-T1 splitting (ΔEST), configuration interaction (CI), and frontier orbital overlap extents (IH/L, IS, and IT) and mean separation distances (<rH/L>, <rS>, and <rT>) of A1~S10 H  L+1 (7.86%) a : the excitation transitions with relative weights > 15% and the de-excitation transitions; S19 Table S4 . The energies (E) of S1 and T1, S1-T1 splitting (ΔEST), configuration interaction (CI), and frontier orbital overlap extents (IH/L, IS, and IT) and mean separation distances (<rH/L>, <rS>, and <rT>) of A11~A28 Table S5 . The energies (E) of S1 and T1, S1-T1 splitting (ΔEST), configuration interaction (CI), and frontier orbital overlap extents (IH/L, IS, and IT), and mean separation distances (<rH/L>, <rS>, and <rT>) of S29~S37 
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